Trehalose synthase (TreS) catalyzes the reversible conversion of maltose to trehalose in mycobacteria as one of three biosynthetic pathways to this non-reducing disaccharide. Given the importance of trehalose to survival of mycobacteria there has been considerable interest in understanding the enzymes involved in its production; indeed the structures of the key enzymes in the other two pathways have already been determined. Herein we present the first structure of TreS from Mycobacterium smegmatis, thereby providing insights into the catalytic machinery involved in this intriguing intramolecular reaction. This structure, which is of interest both mechanistically and as a potential pharmaceutical target, reveals a narrow and enclosed active site cleft within which the intramolecular rearrangement can occur with minimal hydrolysis. We also present the structure of a complex of TreS with acarbose, revealing a hitherto unsuspected oligosaccharide binding site within the C-terminal domain. This may well provide an anchor point for the association of TreS with glycogen, thereby enhancing its role in glycogen biosynthesis and degradation.
